Stressors experienced by parents can influence the behavioral development of their offspring. Here, we review recent studies in threespined sticklebacks (a species in which males are the sole providers of parental care) showing that when parents are exposed to an ecologically relevant stressor (predation risk), there are consequences for offspring. For example, female sticklebacks exposed to predation risk produce eggs with higher concentrations of cortisol, a stress hormone, and offspring with altered behavior and physiology. Male sticklebacks exposed to predation risk produce offspring that are less active, smaller, and in poorer condition. The precise mechanisms by which maternal and paternal experiences with predators affect offspring phenotypes are under investigation, and could include steroid hormones, olfactory cues and/or parental behavior. As in other species, some of the consequences of parental exposure to predation risk for offspring in sticklebacks might be adaptive, but depend on the stressor, the reliability of the parental and offspring environments and the evolutionary history of the population.
Introduction
There is growing evidence that parents' experiences can influence the next generation. For example, female crickets exposed to cues of predatory spiders produced offspring with heightened antipredator behavior that were more likely to survive encounters with predators [1] . Indeed, offspring of stressed parents differ from offspring of unstressed parents in many respects, including morphology [2], physiology [3] , and behavior [1, 4] . Because paternal care is relatively rare among taxa, and because mothers often have intimate contact with their developing embryos and offspring, most studies to date have focused on the consequences of maternal stress for offspring. However, there is growing appreciation that stressors experienced by fathers can also affect the next generation [5] [6] [7] . For example, stressors experienced by fathers before mating influence offspring via effects on seminal fluid [8] and sperm [7, 9 ]. There is also evidence that stressors experienced by fathers post-fertilization can affect offspring -the mechanisms underlying post-fertilization paternal effects are less understood, but could be mediated indirectly through changes in maternal care [10] or could reflect direct effects of fathers on offspring via, for example, changes in paternal provisioning behavior.
Recent work in our lab has investigated the effects of maternal and paternal stress on offspring phenotypes in threespined sticklebacks (Gasterosteus aculeatus). Sticklebacks are a small fish distributed throughout the northern hemisphere that are renowned for their geographic variation in behavior [11] . For example, sticklebacks from populations that are subject to strong predation have morphological, behavioral and physiological adaptations for coping with predators [12] . Another important feature of the stickleback system is that like many other fish species, sticklebacks exhibit paternal care, where the father is solely responsible for providing care that is necessary for offspring survival. In this paper, we summarize the effects of maternal and paternal exposure to predation risk on offspring in sticklebacks, discuss their potential adaptive significance and mechanisms, and outline several key areas for future work. While we focus on sticklebacks, it is worth pointing out that many of our findings are similar to studies on mammals and other taxa, which suggests that the way parental stress can affect offspring extends across systems that differ dramatically in parental investment (placentas versus eggs, maternal versus paternal care, etc.).
Effects of maternal stress on offspring outcomes in sticklebacks
In a wide range of organisms, mothers that experience predation risk improve the antipredator defenses of their offspring [1] [2] [3] [4] . These studies suggest that when females 
